In order to make clear polyvinyl pyrrolidone (PVP) storage in the human body and to see its side-effects, 34 autopsy cases which had received intravenous infusion of various total doses of the substance were submitted to detailed pathological, histochemical and biochemical studies. Clinical symptoms were also taken into consideration in the analysis of the cases. The lesions due to PVP storage were microscopically characterized by proliferation of foam cells, deposition of vacuolar or basophilic substances, occasional appearance of multi nuclear giant cells and formation of granulomatous structures in rare instances. These findings were demonstrated in various organs and tissues, especially all over the reticuloendothelial system. PVP storage in the tissue was apparently the stronger in its grade, the larger the total administered dose of the substance was. In the kidney, PVP storage assumed microscopically the feature of a kind of nephrosis.
In several cases which had received more than 200 g of PVP of intermediate molecular weight in total, heavy storage of the substance developed throughout the reticuloendothelial system and in the kidney. In such cases, it seemed probable that heavy PVP storage exerted unfavorable effects on the organism through blockade of the reticuloendothelial system, impairment of resistance capacity, retardation in the repair of inflammation or surgical wounds, promotion of already present cancerous growth or damage of renal tissue. one). High molecular PVP in general is intraperitoneally infused to prevent the development of tissue adhesions at abdominal surgery. The intermediate molecular PVP is intravenously infused as a blood volume expander for prevent ing shock at surgery, trauma, hemorrhage, burn, dehydration or mechanical injuries. Low molecular PVP is almost exclusively used as a detoxicating agent in various infectious diseases and other diseases associated with release of toxic substances, as well as a diuretic against edema in chronic nephritis or nephrosis. In view of this lack of pertinent knowledge, the present study is undertaken on 34 autopsy cases which had received PVP, with the purpose of describing manifold morphological findings of the storage phenomenon and examining the influence of PVP administration on the human body.
MATERIALS AND METHODS
For the present study, 34 autopsy cases which had received intravenous PVP injection were examined. In 27 out of the 34 cases, various total doses of intermediate molecular PVP had been intravenously administered, and in the remaining 7 cases low molecular PVP had been given. This study, therefore, was mainly made on the observation of the 27 cases infused with intermediate molecular PVP, and the 7 cases of low molecular PVP were used for comparison. In each case, all pertinent clinical data and autopsy findings were examined in detail. Histological specimens were taken from as many organs and tissues as possible, especially from those belonging to the reticuloendothelial system, and submitted to the histological study. All these specimens were embedded in paraffin for routine sections. Besides hematoxylin-eosin, PAS and mucicarmin stainings were used. Some of the selected specimens were subjected regularly to Feulgen's reaction, methyl-green pyronine staining, metachromatic reaction with toluidine blue, von Kossa's reaction and various special staining methods for PVP, such as Jancso's iodine,14 Chlorazol fast pink14 and Congo red method.22 Small pieces of selected specimens were saved for the frozen section and the sections were stained with Sudan III and Sudan black B.
CLINICAL FINDINGS 1) Age and sex. The ages of our patients ranged from 4 to 73 years. The great majority of them were adult, one-third of them being in the sixties. The over-all sex incidence showed a predominance of male patients, the male-female ratio being 22 to 12.
2) Causative diseases. As indicated in Table 2 , out of the 34 cases the caus ative diseases were neoplasmas in 15 cases, including gastric carcinoma in 4 cases, carcinoma of the esophagus in 4, carcinoma of the uterine cervix in 3, rectal carcinoma, choriocarcinoma, spinal cord tumor and acute leukemia in one each. Causative diseases of inflammatory nature, on the other hand, were present in 10 cases, including chronic glomerulonephritis in 3 cases, cardiac failure presumably of rheumatic nature in 3, diffuse peritonitis in 2, pulmonary abscess and dysentery in one each. The other causative diseases were cerebral hemorrhage in 3 cases, TALE 3) Administration and dosage of PPP. As shown in Table 2 , the total doses of intermediate molecular PVP administered in the 27 cases ranged from 4 to 1 ,015 g and were less than 70 g in 12 cases, 70 to 199 g in 9, 200 to 349 g in 2 and more than 350 g in 4. Out of all these cases, the last 6 cases which received in travenous infusion of more than 200 g of PVP in total are considered to be the most valuable examples, because they exhibited heavy storage of PVP all over the reticuloendothelial system and in the kidneys. The intervals from the beginning of intravenous infusion of PVP to death varied considerably from case to case, being within a few days in 6 cases , within a week in 4, less than 2 months in 4, less than 4 months in 9 and more than 4 months in 4. The longest interval was about 8 months in a case.
PATHOLOGICAL FINDINGS Macroscopic Findings
At autopsy, the gross findings which could be attributed to PVP storage were Microscopic Findings 1) Fundamental changes. At the beginning of this chapter, the fundamental microscopical changes of PVP storage phenomenon will be described. In general, when a solution containing PVP is intravenously injected, the reticuloendothelial cells take up actively macromolecular particles of PVP from the blood stream or body fluids, become remarkably swollen, reactively proliferate and are subsequently transformed into large foam cells. Therefore, it will be easily comprehended that the distribution of the foam cells is essentially the same as that of cells belonging to the reticuloendothelial system or of cells positive for vital staining. This change is considered to be the fundamental process of the thesaurosis. Moreover, when the storage in such foam cells became remarkable with increasing total doses of PVP, numerous clumps of vacuolated or basophilic massive substance were found deposited in various organs and tissues, particularly all over the reticuloendothelial system. In addition, in many cases of heavy PVP stroage, lesions composed of a large number of proliferating foam cells and of vacuolar massive deposits were frequently associated with appearance of numerous multinuclear giant cells and sometimes with granulomatous changes similar to those of foreign body type. a) Foam cells. As already stated in the preceding section, proliferation of foam cells was the basic histological change. The majority of the foam cells were large in size and round in shape, with an abundant foamy cytoplasma. The cells usually had a vesicular nucleus, so that they closely resembled other kinds of foam cells appearing in various xanthomatoses27 or other storage diseases. 39 However, a number of foam cells were polygonal, fusiform or reticular in shape. All these foam cells contained varying numbers of fine or coarse granules, or small vacuolar masses of polymorphic configuration in their cytoplasma. In the routine sections, the contents of these fine and coarse phagocytic granules had been dissolved and extracted in the processes of fixation and embedding, so that all these cells had a foamy appearance after ordinary stains. For the same reason, the granules were not very well stained, even when various special staining methods for PVP were applied. But the small vacuolar masses phago b) Massive deposits. In the routine sections, the massive deposits were found in the form of vacuolar amorphous clumps, extremely variable in size, and round, oval or irregular in shape. On some occasions, they fused with one another and accumulated in some areas, consequently developing to a large confluent amor phous uni-or multilocular vacuolar mass. In particular, heavy PVP storage often produced lesions with circumscribed accumulation of a huge quantity of the massive deposits mostly with basophilic staining behavior, intermingled with a number of multinuclear giant cells in rare instances.
As for the mechanism of development of the massive deposits two different processes were apparently acceptable. Namely, the one was the transition of foam cells to clumps of phagocytized substance, and the other primary extra cellular deposition. A heavy PVP storage phenomenon was furthermore charac terized by appearance of numerous multinuclear giant cells . The giant cells usu ally possessed irregularly shaped abundant cytoplasma loaded with numerous fine or coarse granules and with confluent small masses of polymorphic configura tion, which occasionally displayed basophilic tinge . Most of the cells had numerous small nuclei which were arranged irregularly , bearing a close resemblance to those of foreign body type . In addition, the giant cells in some area appeared to be extremely variable in size and irregular in shape , sometimes presenting a grotesque appearance. In the multinuclear giant cells, in particular when they contained a large amount of basophilic substance , their nuclei became difficult to distinguish from the phagocytized basophilic granules or masses in the ordinary stain. On the other hand , there sometimes appeared other types of giant cells having vesicular nuclei in their abundant foamy cytoplasma .
The development of all these giant cells was closely related to the total doses of PVP, and they were especially notable in almost all cases receiving more than 200 g, and tended to appear predominantly in the lymphoreticular tissues . e) Granulomatous lesions . In many cases exhibiting a marked PVP thesaurosis, numerous histiocytes and foam cells were often found to lie in fairly well circumscribed groups with a large quantity of the massive vacuolar deposits and with variable numbers of the multinuclear giant cells , giving the infiltrate a granulomatous feature. These granulomatous lesions might be sometimes accompanied by slight inflammatory infiltrates composed mainly of lymphocytes , plasma cells or leukocytes.
2) PVP storage phenomenon in various organs and tissues . The aforemen tioned fundamental microscopical changes resulting from repeated intravenous infu sion of PVP were observed in various organs and tissues , especially throughout the reticuloendothelial system , and varied considerably in their intensity according to individual organs and tissues , occasionally disclosing variegated peculiar findings.
Liver. In the liver, Kupffer's cells usually played an important role in PVP storage. In the ordinary stain , the earliest microscopical changes of the liver were fine vacuolation and ballooning of Kupffer's cells . In most cases infused with more than 70g of PVP in total such changes were distinctly ob served with remarkable transformation of Kupffer's cells into foam cells . In the foam cells , coarse phagocytic granules increased in number and gradually grew up to s mall vacuoles of polymorphic shapes . In the sinusoids, the foam cells proliferated in increasing numbers roughly in parallel with the total doses of PVP. They were found in a large number particularly in almost all the cases ad ministered with more than 200 g and were accompanied occasionally by a number of mutinu clear Lungs. On occasion, varying numbers of large foam cells appeared diffusely distributed or fairly well grouped particularly within the intraalveolar spaces and also in the alveolar walls. Therefore, the foam cell storage phenomenon, when it occurred widely, displayed a microscopical picture closely resembling that of lipid pneumonia.
And this picture was observed in 2 of the 4 cases infused with more than 350 g of PVP in total.
It was especially severe in one case of a male of 35 years of age with pulmonary abscess (Case 26).
Other organs and tissues.
The Kidneys. Apart from the remarkable involvement of the reticuloendothelial system in PVP storage, other noteworthy changes were observed in the kidney. The findings are briefly summarized in Table 3 . As shown clearly in this table, in all cases injected with 17.5 to 35 g of PVP in total doses, vacuolar swelling first 3) PVP storage phenomenon in inflammatory foci and surgical wounds . As indicated in Table 4 4) PVP storage phenomenon, in the stroma of neoplastic lesions . As listed in Table 1 , noeplastic diseases were present in 15 cases , of which 13 had car cinomas of various organs. From these cases, we excluded 3 , either because they did not develop any metastasis after complete removal of the primary tumor or because they died within short periods after the operation . We microscopically investigated in detail both the primary carcinomas and their metastases in the remaining 10 cases. From the microscopical observations , it was clearly demonstrated that numerous foam cells proliferated mostly in clusters in the stromal connective tissues of the carcinomatous lesions , and that varying quantities of massive vacuoles, almost basophilic, deposited among the collagenous fibers. PVP storage in these lesions was in general extremely variable in degree , but revealed microscopical pictures essentially similar to those of the reticulo endothelial system. Moreover, it is noteworthy that widespread dissemination and multiple cancer metastases were recognized in several cases , particularly marked in some cases infused with large total doses of PVP .
We will describe here a typical example of rectal cancer with generalized cancer dissemination. Microscopically, the primary carcinoma of the rectum surgically removed showed a picture of papillary adenocarcinoma . In various organs and tissues , particularly in the retieuloendothelial system, moderate PVP storage was noticed predominantly in the form of proliferating foam cells. Furthermore , it deserves special attention that and Reticuloendothelial System 43 massive, mostly vacuolated substances of varying sizes and irregular shapes were deposited in varying degrees in the stromal tissues of the metastatic lesions , especially among hyali nous connective tissues and occasionally intermingled with foam cells .
5) Histological differences between the cases administered with intermediate molecular PVP and those faith low molecular PVP . Compared with the PVP storage phenomenon seen in the 27 cases receiving intermediate molecular PVP , microscopical changes in the 7 cases of low molecular TABLE 6 . Processes of extraction and purification of PVP-like material deposited in tissue PVP infusion were essentially similar, but appeared less in degree than in the former (see Table 2 ).
BIOCHEMICAL FINDINGS
Attempts at Chemical Identification of PVP-like Material Deposited in Tissues by Infrared Spectrophotometry
In Case 21 an attempt was made to determine the presence of PVP in formalin fixed specimens of the splenic tissue by an infrared spectrophotometer. Biochemi cal processes of extraction and purification of the material from the splenic tissue of this case were briefly summarized in Table 6 . An infrared spectrophotometer made by Hitachi Ltd Co. was used for this identification. Purified PVP-fraction was submitted to spectrophotometey and wave 'C', as indicated in Fig. 13 , was confirmed.
As a control material, a solution containing intermediate molecular PVP (the commerical name, 'Plasgen') was desalinated with Sephadex G-50, highly concentrated, dissolved in methanol, precipitated by ethanol and then dryed in a desiccater. The PVP solution purified by these procedures was estimated by the infrared spectrophotometer and the result obtained was denoted as wave `A'. The result of spectrophotometric determination of the same solution pretreated with neutral formalin yielded wave 'B'.
Comparing the three waves, it is apparent that the pattern of the wave 'C' corresponded on the whole with that of the waves 'B' and 'A'. Thus, the result indicates that the stored material in the splenic tissue is PVP itself.
DISCUSSION
The results of the present study established the thesaurosis caused by continuous intravenous PVP injections as a pathological entity.28 Although clinical manifesta tions varied considerably from case to case,29 the lesions induced by PVP storage had certain well-defined morphological characteristics, which essentially consisted in reticuloendothelial hyperplasia with prominent appearance of foam cells and deposition of vacuolar or basophilic masses, as well as in occasional appearance of multinuclear giant cells and granulonsatous change e in rare instances. The kidneys were usually involved in the storage. The results of the present study revealed that only slight mor phological changes were only rarely encountered in the cases which had received a total PVP dose of less than 70g.
In this respect, the drug seemed to exert little noxious effect on the organism so far as it is used in a quantity of this range .
When PVP was given in a dose of 70 to 150g, slight to moderate proliferation of Polyvinyl   Pyrrolidone  and Reticuloendothelial  System  45 foam cells appeared in the majority of the cases, together with the deposition of vacuolar or basophilic masses in varying intensity. The storage of this extent seemed still to be practically harmless, except in patients whose general condi tions were seriously deteriorated on account of surgery, trauma, inflammation or neoplasm. However, in all the cases which had received PVP infusion in a total dose of more than 200 g heavy and extensive PVP storage was found to have developed throughout the reticuloendothelial system, frequently producing irreversible lesions. In such cases, it may be reasonable to assume that heavy PVP storage results in blocking the specific functions of the reticuloendothelial cells and further in impairing the resistance of the organism. 20, 28 In their studies on the morphological changes in human bodies due to repeated intravenous PVP infusions, Jacklen,23 Tranckner26 and Husselmann22 already pointed out that the changes occurred more intensely in inflammatory foci, and we also confirmed microscopically their observations in our own cases. In agreement with our previous observations,YB it was also noted in the present study that numerous histiocytes proliferating in acute inflammatory foci phago cytized PVP particles and were subsequently transformed into foam cells. In chronic inflammatory foci, massive and mostly basophilic depor.its were retained predominantly, giving the foci a granulomatous character.23,28 On the basis of these findings, we may most reasonably assume that PVP storage in acute in flammatory foci leads to functional depression or blockade of the local reticuloendo thelial cells. As a result, the repair process of the inflammatory foci is markedly retarded and the defense mechanism of the body against inflammation is also impaired. Chronic inflammatory foci, when complicated further with granuloma tous lesions of foreign body type due to PVP storage, are subjected to distinct delay of their repair process and occasionally give rise to irreversible lesions.
In the surgical wounds of our cases, we could observe the storage changes similar to those seen in the inflammatory foci, though less remarkable in degree than in the latter. As to the occurrence of the PVP storage in the renal tissue , there are several reports in the literature ,20.21,31-35 which roughly coincide with the microscopic findings obtained in the present study . The findings are characterized by vacuolar swelling and degeneration of the tubular epithelia , multiple basophilic casts in the tubules, mesangial thickening with occasional deposits of small vacuolar particles and proliferation of foam cells in the glomeruli . To this condition, the terms 'Kollidonnephrose' and `Peristonnephrose' have been hither to applied in the German literature. 25. 34 Besides , the present authors found out peculiar, not previously described microscopical changes28: nodular lesions similar to those usually seen in diabetic glomerulosclerosis in 2 cases , intraglomerular capillary hemorrhage in 2 and microaneurysms of the glomerular capillaries in one. In survey of the literature, these glomerular involvements have never been documented in human cases, although in 1952 Brass21 succeeded in experimental production of a glomerular alteration in rabbits closely resembling the nodular lesions by repeated intravenous injections of PVP.
In elucidating the PVP storage phenomenon, the fate of the compound in v ivo is an important problem. There has been much controversy about the problem. Some research workers emphasized that PVP was almost completely excreted by the kidney in short periods, to the major part in a few days , and at longest within several months. 9,36 On the other hand , Ammon and his coworkers5,8 in their experimental studies of animals arrived at the conclusion that repeated intravenous injections of PVP produced an irreversible storage phenomenon, because massively stored PVP could not be excreted by the kidney. On the basis of our observation, it is, however , obvious that in almost all cases discontinuance of the intravenous infusion of PVP resulted in gradual regression of storage lesions. In the regressive lesions foam cells gradually decrease in number and finally disappeared, but basophilic deposits remained almost unchanged in tissues for a long period, approximately to 8 months after the final PVP infusion.28 Tranckner26 reported such a finding in a case examined about 3 years after the last PVP injection and Husselmann22 demonstrat ed a similar change in his case after about 1 year and 3 months' interval . From these reports, it seems apparent that once stored PVP, though decomposed and removed to some degree by reticuloendothelial cells, are retained to the major part in the body for a long time. The liver cells become markedly atrophied , degenerated, and in places are found to have disappeared. 
